Despite the widely recognized importance of the several species of inositol polyphosphates in cell biology, inositol has not been successfully imaged and quantified inside cells using traditional spectrophotometry. We overcame these limitations by using multi-isotope imaging mass spectrometry (MIMS), to image and measure cellular inositol. MIMS combines ion microscopy and secondary ion mass spectrometry, tracer methods with stable isotope tags and intensive computation. MIMS allows one to measure with high precision and to image atomic masses (tags) with a lateral resolution of 30 nm and a depth resolution of a few atomic layers. We used Inositol labeled with the stable isotope Carbon-13 (13C), generated from the commercially available 13C-Glucose-6-Phosphate. After pulsing the cell with 13C-Inositol, the stable isotope tag was detected in subcellular volumes by MIMS. The 13C-tag tridimensional localization within the cell was used as an indicator of inositol cellular distribution and local accumulation. In parallel, we performed control labeling experiments with 13C-Glucose to compare a different 13C-tag distribution pattern. Because many functions recently attributed to inositol polyphosphates are localized in the nucleus, we analysed its relative nuclear concentration. We engineered yeast with human thymidine permease and viral thymidine kinase and fed them with 15N-Thymidine to allow the analysis of the nuclear DNA through the detection of the 15N-tag isotopic signal. We found practically no co-localization between inositol signal (13C-isotope) and nuclear signal (15N-isotope). The 13C-tag (inositol) accumulation was maximum at the plasma membrane and in cytoplasmic domains. In time-course labeling experiments performed with wild type yeast (WT) or modified yeast unable to synthesize inositol from glucose (ino1D), the half-time of labeled inositol accumulation was ~1 hour in WT and longer in ino1D. In conclusion, using MIMS with stable isotopes, we have measured and located inositol in individual yeast. These studies should serve as a template to study metabolism and physiological role of inositol using genetically modified yeasts.
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CONCLUSION:
We can locate and measure inositol incorporation in subcellular domains of a single yeast. Taking advantage of yeast mutants, we are now be able to dissect the metabolic pathways of an essential player in signal transduction. 
RESULT:
Yeast grown in presence of 13C-inositol and 15N-thymidine were collected at different interval and rapidly fixed adding PFG fixative to the cultures medium. Sections from the epon-embedded yeast were generated and analyse by MIMS. Quantitative data acquired with MIMS are processed with customized software for image analysis, using a method based on Hue Saturation Intensity (HSI) transformation of the ratio image. The figures represent HSI analysis of sectioned yeast: the colours correspond to the excess 13 C derived from the measured 13 C/ 12 C isotope ratios expressed as a percentage of the 13 C excess in the medium. The 15 N signal is measured at mass 27 ( 12 C 15 N and 12 C 14 N), thus the thymidine enrichment HIS analysis is express as 27/26 ratio (Fig. 4) .
TOOLS GENERATION:
Synthesis of the isotopic probe 13 C-Inositol: We acquired the commercial available 13 C 6 -glucose-6-phosphate and converted to 13 C 6 -inositol. We used E.coli expressed recombinant inositol phosphate synthase (IPS) and inositol monophosphatase (IMPA) in two step sequential reactions. The final product 13 C-inositol was then purified from the phosphorylated precursors by Dowex column, concentration and quality were biological assayed (Fig. 2) . Generation of thymidine scavenger pathway in yeast: The routine isotopic probe to visualise by MIMS the nuclei is 15N-Thymidine that is incorporated in to DNA. Unfortunately, yeast lack an appropriate nucleoside transporter for thymidine uptake, and thymidine kinase to phosphorylate thymidine. Thus to visualise the yeast nucleus by MIMS we generated new yeast strain carrying human equilibrative nucleoside transporter (hENT) and the herpes simplex virus thymidine kinases (HSV-TK) integrate in their genome; these yeast were also transformed with a plasmid carrying extra copies of HSV-TK (Fig. 3) . Figure 5: The 13 C-glucose labelling experiment seems to be homogeneously spread within the yeast to the contrary of 13 C-inositol labelling that shows localized 13 C signal distribution. Furthermore, in case of 13 C-glucose labelling 13 C isotopic tag co-localize with the 15 N thymidine. The analysis of the enrichment in 13 C for various incubation time extracted from 13 C hot spot for WT and ino1D yeasts indicate that these two strains accumulate 13 C-inositol in similar fashion.The half-times for inositol incorporation for wild type and for ino1D is approximately 70 minutes. While glucose is uniformly distributed within the yeast, inositol distribution is uneven, with accumulation immediately under the capsule and little if any in the nucleus. Movie: ino1D yeast were cultured with 13 C-inositol for 24 hours and then fixed, pelleted, embedded and sectioned at 2 µm thickness. Serial images were acquired through the 2µm thickness of the section; 8µm field, 488 planes, 2 min/plane. The first part of the movie shows a 3D rendering of the 13 C/ 12 C HSI image. The second part shows the data inclined by rotating about x, exposed in a frontal plane, and rotated around the z-axis.
